There are many situations where a QGP with diquarks might play a role: (i) In a quark star, which might appear as dark matter [17, 18] ; (ii) In a hybrid/neutron star, surrounded by a hadronic crust; (iii) In a supernova, or a 'hypernova' gammaray burster, where diquarks might trigger neutrino bursts and the bounce-off; (iv) In the primordial plasma at the Big Bang, where diquarks might have delayed the hadronisation.
Formalism and Results
We use the BCS theory of colour superconductivity [6, 7, 8] . The gap ∆ can be seen as the gain in energy due to the diquark correlation. Another gap, φ, is related to the quark-antiquark condensate. The thermodynamical grand canonical potential, Ω, is minimised in its variables, resulting in an equation of state (EOS) and other relations. We follow the approach of [19] for the Ω and generalise it for isospin asymmetry between u and d quarks [20] Ω(φ, ∆; µ B , µ I , µ e ; T ) =
where the subtraction C = −Ω((φ vac 0 ) 2 , 0; 0, 0, 0; 0) has been introduced to make (1) finite and to assure that pressure and energy density of the vacuum at T = µ = 0 vanish. Thus at the boundary of a compact quark matter object, where the quarkcondensate φ 0 changes, a pressure difference arises, which is necessary for confining the system, at least for small masses.
Instead of the chemical potentials µ u , µ d of u and d quarks, one uses [20] those of baryon number, µ B = (µ u + µ d )/2, and isospin asymmetry, µ I = (µ u − µ d )/2. Then, if beta equilibrium with electrons holds, µ e = −2µ I . The particle densities are given by n B = n u + n d = −∂Ω/∂µ B , n I = n u − n d = −∂Ω/∂µ I and n e = −∂Ω/∂µ e = . Charge neutrality means n B + 3n I − 6n e = 0, and isospin symmetry n I = 0.
The dispersion relations are
where F (q) is a form factor for two-quark correlations. We use T = 0 and m = 0, and start by finding the gaps φ 0 and ∆ 0 that minimise Ω. These values give the EoS as Ω(φ 0 , ∆ 0 ; µ B , µ I , µ e ; T = 0) = ǫ − µ B n B − µ I n I − µ e n e = −P,
where ǫ is the energy density and P the pressure. We use the form factors suggested by Schmidt et al. [21] , who fitted those to masses and decay properties of light mesons. The following special cases are considered: (i) Gaussian:
. Here φ 0 = 0.33 GeV, Λ G = 1.025 GeV, Λ L = 0.8937 GeV and Λ N JL = 0.9 GeV [21] . We contrast this to Λ G = 0.8 GeV used in [19] . Fig. 1 shows our results for the Gaussian and NJL form factors, and for two extreme cases: (i) isospin symmetry (equal numbers of u and d quarks), and (ii) beta equilibrium and charge neutrality. In the former case charge is balanced outside the object. In the latter, the electron fraction is small, and n d ≈ 2n u . Here µ I is given in the lower part of the figures. We also test the sensitivity on the parameter Λ G . There is now the choice to either keep φ The EoS is used as input to the standard Tolman-Oppenheimer-Volkoff equations [22] for an equilibrium (spherical) fluid (see also [23] ):
The equations are iterated in r, starting with some value ǫ 0 at r = 0. The procedure stops when P = 0, which defines the radius R of the object, and M = m(R) is plotted vs. R, see Fig. 2 . Each ǫ 0 value results in one point in the plot, with unique values also of µ B and µ I . The graph becomes a backbending spiral, with ǫ 0 and µ B increasing along the curve. Solutions on left-going parts of the curve are unstable.
Conclusions and Outlook
The diquark form factor and the isospin (a)symmetry are important inside a quark/ diquark star. They can make a difference of up to two solar masses, as for its maximal mass.
We now have results also for 0 < T < ∆, where condensate-free states can occur in intervals of µ B [24] . These correspond to an interaction-free plasma, and appear as "bumps" in the TOV curves. They might be relevant as phase transitions inside a collapsing system (supernova). The QGP might suddenly enter a diquark phase, whereafter it again becomes a free-quark state just before the bouncing [25] . We also intend to study such events for the Big Bang plasma. Maybe a transition into a diquark phase resulted in a release of neutrinos, just as with the cosmic microwave background. The neutrino energy would have been of the order of ∆, but now cooled to keV energies.
